Satureja subspicata and S. horvatii are endemic species of the Balkan Peninsula and often used in traditional medicine in Bosnia and Herzegovina to treat different health conditions. We aimed to analyze the unevaluated apoptotic, genotoxic and cytotoxic effects of two Satureja species, as well as their content of phenolics that are mainly responsible for the plant's biological activity. Apoptotic and geno/cytotoxic activities of S. subspicata and S. horvatii were investigated in vitro in human lymphocyte culture and in vivo in mice. The content of the main phenolics in plant extracts was determined by ultra-high pressure liquid chromatography-MS-MS (UHPLC-MS/MS). Genotoxic and cytotoxic activities of Satureja extracts were evaluated in vitro by applying a cytokinesis-block micronucleus cytome assay in human lymphocyte culture and in vivo applying a mice reticulocytes micronucleus assay. SALSA RT-MLPA R011-C1 apoptosis assay was used for measuring the relative expression of 44 genes associated with the regulation of the apoptotic pathways in human lymphocyte cultures treated with different concentrations of two Satureja extracts. The first analysis of phenolic compounds in S. horvatii and S. subspicata determined by an UHPLC-MS/MS method revealed high levels of rosmarinic and caffeic acids. Minor genotoxic potential was determined in relation to the tested concentrations while no cytostatic and cytotoxic effects were revealed in vitro. However, when applied in concentrations of 200 mg/kg per os, aqueous extracts of two Satureja species significantly decreased frequency of reticulocytes micronuclei in treated mice against controls. Extracts of S. subspicata and S. horvatii in concentrations of 0.2 mg/mL, regardless of solvent used, downregulated pro-apoptotic and upregulated anti-apoptotic genes, showing anti-apoptotic activity. Our results indicate that the registered anti-genotoxic and anti-apoptotic activity is most likely related to the high level of phenolic acids (particularly rosmarinic and caffeic) in the tested extracts.
Plants belonging to the Satureja genus, popularly known as savory, are aromatic herbs and sub-shrubs with wide distribution trough to the Mediterranean region. High levels of different secondary metabolites, such as terpenoids and phenylpropanoids, have been isolated from different Satureja species [1, 2] . Many studies have confirmed antioxidative and antimicrobial activity of Satureja species [3, 4] . Additionally, some authors reported either cytotoxic [5] [6] [7] or apoptotic activity [8, 9] of essential oils isolated from several Satureja species.
In light of the endemicity and frequent traditional use of S. horvatii and S. subspicata [10] , these species are interesting for study. In Bosnia and Herzegovina, S. subspicata has been used as a traditional folk remedy to treat ailments such as various cardiovascular disorders, especially arrhythmia, heart fibrillation and diseases of blood vessels [10] as well as for the treatment of lymph node and respiratory system inflammation [11] . Bioactive potential and traditional use has also been reported for S. horvatii, an important honey and culinary plant. S. horvatii essential oils are rich in natural antioxidants with strong antihydroxyl radical activity and antimicrobial properties [12] .
As no information is available of potential adverse effects of using these two Satureja species, the present study was aimed at the evaluation of apoptotic, genotoxic, cytostatic and cytotoxic activities of extracts of these species, as well as to relate the determined effects to the content of the main phenolic constituents. For the first time, several phenolic acids and flavonoids were determined and quantified in extracts of these two Satureja species (Table 1) , among which caffeic acid and rosmarinic acid (RosA) were in the highest concentrations.
NPC Natural Product Communications
Satureja species are rich in phenolic compounds, especially rosmarinic [13] , vanillic and syringic acids [2] . Rosmarinic and caffeic acids are well known for their antimicrobial, antiviral, antioxidative, and anti-inflammatory activities [14, 15] as well as for antigenotoxic and anti-apoptotic activity [14, [16] [17] [18] . In vitro genotoxicity data for both extracts are presented in Figure 1 (a-e). (Figure 1b ). This finding indicates a minor dose-dependent genotoxicity of these extracts. Neither extract of the selected Satureja species had cytostatic and cytotoxic effects in human lymphocytes in vitro. The possible dose-dependent protective and antitumor activity should be further investigated considering the previous studies on related Satureja species [19, 20] and the known antigenotoxic effects of rosmarinic [14] and caffeic acids [16] .
The frequencies of MNPCE were significantly decreased after administration of both Satureja extracts at the highest concentration. This points toward protective effects of the Satureja extracts at the selected concentration and possible antigenotoxic potential, probably related to high RosA [14] and caffeic acid content [16] . The proportion analysis of PCEs and frequencies of MNPCE in vivo are presented in Table 2 .
As no effects were microscopically observed at the lowest applied concentration (0.01 mg/mL) of both species extracts, apoptosis related relative gene expression was not analyzed. Results of apoptotic activity of both extracts were organized into 3 groups by concentrations of 0.05, 0.1 and 0.2 mg/mL (Figures 2-4) . Results of up and downregulated genes in cultures treated with mitomycin C (positive control) are presented in Figure 5 . mRNA relative expression analysis showed that most genes that were under or overexpressed in treated samples belonged to the BCL-2 family, either pro-(BAD, BAX, BMF) or anti-apoptotic members (BCL-2, BCL2A1, BCL2L1 (BCLX), BCL2L2 (BCLW)). Anti-(Bcl-2 and Bcl-XL) and pro-(Bax and Bak) apoptotic Bcl-2 proteins regulate the mitochondrial pathway of apoptosis in part by controlling cytochrome c release from mitochondria. RosA suppresses apoptosis by altering the ratio of anti-to pro-apoptotic members of the Bcl-2 family [17, 18] thus preventing the downregulation of anti-apoptotic Bcl-2 and markedly suppressing increased pro-apoptotic Bax expression [21] . On the other hand, it appears that anti-apoptotic activity of caffeic acid is mediated through the Bcl2 independent mechanism [15] . Since RosA is detected in high concentrations in Satureja extracts, anti-apoptotic activity of extracts could be attributed to RosA, which probably affects the mitochondrial pathway of apoptosis. The overall results strongly suggest that the highest concentration of both Satureja extracts, regardless of solvent used, shows anti-apoptotic activity resulting from downregulation of pro-apoptotic genes. Additionally, upregulation of the BCL2A1 anti-apoptotic gene in all Satureja treatments and BCL-2 gene in the highest applied concentration, regardless of solvent used, emphasizes the anti-apoptotic activity of the tested species. The registered anti-genotoxic and anti-apoptotic potential most likely relies on the detected high level of RosA. The crude extracts were prepared by maceration of leaves with 80% methanol (10 mL). After incubation and centrifugation, supernatants were transferred to clean tubes, evaporated to dryness in vacuum and then dissolved in either sterile distilled water or DMSO.
Experimental

UHPLC-MS/MS analysis of phenolic compounds:
UHPLC-MS/MS analyses were carried out using a Shimadzu Ultra Performance LC-MS 8050 system (Japan) with a triple quadrupole mass spectrometer equipped with an electrospray ionization (ESI) source operating in negative mode. Lab Solutions software (version 5.2, Shimadzu Corporation) was used for instrument control, data acquisition and processing. After determining the precursor ion in full scan, negative-ion mode (i.e., [M-H]), the product ions were determined using MS/MS.
Sampling and cultivation of lymphocytes:
Peripheral blood was collected from 4 healthy female volunteers who signed informed consent. Two series of whole blood cultures were set up for 72 h at 37ºC. DMSO and aqueous extracts of S. subspicata and S. horvatii were added to the cultures in final concentrations of 0.01, 0.05, 0.1 and 0.2 mg/mL [22] including negative and positive controls (Mytomicin C -0.25 µg/mL).
Cytokinesis-block micronucleus cytome assay:
Cytotoxic and genotoxic potential were evaluated in human lymphocytes cultures applying a cytokinesis-block micronucleus cytome assay in vitro. Microscopic analysis at 400x magnification on an Olympus BX51 microscope (Tokyo, Japan) included observation of 8000 binucleate cells per each treatment and controls [23] . Cytotoxic and cytostatic effects were expressed by calculating the nuclear division index (NDI) and nuclear division cytotoxicity index (NDCI) [24] .
Mice reticulocytes micronucleus assay:
In vivo experiment was performed on adult mice (BALB/c strain) treated per os by gavage with both Satureja aqueous extracts in doses of 50, 100 and 200 mg/kg [8] , according to the Animal Welfare Regulations. Negative and positive control groups (solvent/ mytomicin C -2 mg/kg) were set-up as well. Mice peripheral blood smears were analyzed on an epi-fluorescent Olympus BX51 microscope, using an U-MWIB2 filter. Analysis was performed of the frequencies of normochromatic erythrocytes (NCE), polychromatic erythrocytesreticulocytes (PCE) and micronuclei in polychromatic erythrocytes (MNPCE) [25] . 
